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Abstract 

Nanoparticles are the most versatile tools in the hands of the modern-day researchers. These entities with high 
surface area are excellent candidates for use in biomedical and other applications. The present work focuses 
on synthesis of novel Zirconium incorporated pectin-based citric acid crosslinked nanoparticles following sol- 
gel method under ultrasonication at 75°C.The synthesized pale-yellow nanoparticles were characterized by 
Fourier transform infrared spectroscopy, particle size analysis and FESEM. The results supported the 
synthesis of particles of size below 100nm and successful Zirconium incorporation into the polymer matrix. 


These nanoparticles are potential candidates or antimicrobial and hard metal sorption studies. 
Keywords: Antimicrobial action, Citric acid, Pectin, Zirconium, Nanoparticle, Water purification. 


1. Introduction 

Nanoparticles are increasingly being employed for 
biomedical applications [1] and metal ion sorption 
studies [2]. The biopolymer incorporated 
nonentities act as an excellent biocompatible 
matrix for site specific drug delivery too [3]. 
Moreover, the incessant increase in air, water and 
soil pollution is putting a lot of stress on the overall 
flora and fauna well-being. There is a need to look 
for an alternative for easy removal of harmful 
pollutants such as heavy metal ions from the 
environment. The use for biopolymers for the 
nanoparticle synthesises is the latest filed of 
research. Pectin is one such biopolymer which is 
white or light brown and is mostly extracted from 
citrus fruits. High protein pectin is mostly 
employed as an emulsifier and stabilizing agent in 
the food industry [4]. Pectin is employed to create 
a variety of healthcare goods such as hydrogel for 
treating human prostate and breast cancer and as 
drug carrier matrix, drug binding agent [5] gel bead 
and film coating. Zirconium, a robust transition 
metal discovered by German chemist Martin H. 
Klaproth in 1789, is valued for its corrosion 


resistance, making it an ideal component in various 
alloys used in applications like — surgical 
instruments, explosive primers, and vacuum tube 
components. Zirconium finds use not only in the 
production of inorganic and organic compounds 
but also in bio-composite synthesis, owing to its 
non-toxicity and ion exchange capabilities [6]. 
Currently, Zirconium based nanoparticles are being 
increasingly explored for biomedical and water 
purification technologies [7]. Zirconia-based 
nanoparticles have diverse biomedical applications 
including anticancer, antibacterial, antioxidant 
properties, and use in tissue engineering due to their 
biocompatibility, mechanical strength, and 
chemical stability [8]. Zirconium oxide 
nanoparticles have applications as antimicrobial 
and anticancer agents in food packaging. They 
exhibit antibacterial properties against both Gram- 
positive and Gram-negative bacteria [9]. The 
present study intends to synthesise Zirconium 
incorporated, pectin-based nanoparticles for 
prospective antimicrobial and water purification 
applications. The collective properties of the 
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biopolymer and Zirconium shall help in attaining a 
novel matrix that would have a wide spectrum of 
end uses. 
2. Experimental 

2.1. Materials 
Zirconium oxychloride oxahydrate [HIMEDIA], 
Ammonium Persulphate (APS) [Loba Chemie], 
Sodium Dodecyl Sulphate (SDS Needle shape 
extra pure 91%, MW 288.38) [Loba Chemise], 
Citric acid (CA) [[HIMEDIA]], Acrylamide 
(AAm) [Fisher Scientific India Pvt. Ltd.], Acetone 
(99% MW 58.08) [Qualikems Fine Chem Pvt. 
Ltd.], Ethyl alcohol [ Qualikems Fine Chem Pvt. 
Ltd.] Sonicator (Digital Ultrasonic Cleaner, 80W) 
were used as procured. 

2.2. Method 
Zirconium incorporated pectin-based citric acid 
crosslinked nanoparticles were synthesized by 
employing ammonium Persulphate (APS) as 
initiator and sodium dodecyl sulphate (SDS) as size 
control moiety. 1g of pectin was solubilized in 30 
ml of distilled water followed by addition of 1g 
acryl amide (AAm) dissolved in minimum quantity 
of distilled water. To the above mixture 0.500g of 
Zirconium was added along with 0.05¢g 
crosslinking agent citric acid, 0.02g initiator APS 
and 0.100g SDS (all solubilized in minimum 
quantity of distilled water) under continuous 
stirring on a magnetic stirrer for about 5-6 min and 
then heated for about 10-15 min to make a 
homogenous solution. Homogeneous solution was 
ultrasonicated in ultrasonicator for 4 h at 75°C. The 
synthesized nanoparticle was designated as 
Zirconium Incorporated-Pectin-cl-CA-poly (AAm) 
nanoparticle [(Zr-Pc-cl-CA-poly (AAm)]) and 
were extracted through acetone and ethyl alcohol 
used in the ratio of 60:40. The extracted 
nanoparticles were dried in hot air oven at 40°C for 
36h without disturbing. 

2.3. Characterization 
The synthesized Zirconium Incorporated-Pectin-cl- 
CA-poly (AAm) nanoparticle [(Zr-Pc-cl-CA-poly 


(AAm)] were characterised using techniques such 
as Fourier transform infrared spectroscopy (FT-IR), 
Field Emission Scanning Electron Microscopy 
(FESEM) and particle size analysis to get evidence 
of successful nanoparticle synthesis. The Fourier 
Transform Infra-Red (FTIR) Spectra were reported 
in a wavenumber range of 400-4000 cm-1 as a KBr 
pellet by a FTIR spectrometer (Nicole 6700, 
Thermo-Scientific, USA). The particle size 
diameter was recorded by Dynamic Light 
Scattering (DLS) in a Nano Zeta sizer instrument 
with a (BI-SVK92) and scattering angle 173° at 
25°C. The Field Emission Scanning Electron 
Microscope (FESEM) images were recorded by 
ZEISS. 

3. Results and Discussion 

The successful synthesis of pale yellow coloured 
Zirconium incorporated pectin-based citric acid 
crosslinked nanoparticles was achieved under 
ultrasonication at 75°C. Figure 1 depicts the image 
of the synthesized Zr-Pc-cl-CA-poly (AAm) 
nanoparticle. The FTIR data supported the 
successful Zirconium incorporation into the nano 
polymer (Figure 2). The infrared spectrum of the 
prepared nanoparticle exhibited a broad absorption 
band in the 3,400 to 2,950 cm—1 range due to the 
stretching vibrations of the -OH groups, and a peak 
at 800 cm-1 is due to the bending vibration of 
hydroxyl groups bound to zirconium oxide [10]. 
The associated -OH peaks in the spectra were 
observed at 3400 cm-—1. These are characteristic 
peaks of poly-hydroxy compounds, indicating the 
presence of a large number of -OH groups. The 
peak at 1740 cm-—1 was observed credited to the - 
C-O stretching peak for the ester linkage for pectin 
and citric acid. The bands at 1015-1100 cm—1 are 
ascribed to -C-O bending or stretching [11]. The 
broad band near 3,400 cm~—1 is attributed to the 
vibration of the -NH groups from the crosslinking 
bridges alongside the -OH groups that result in a 
broad peak. Stretching and deformation vibrations 
corresponding to the -CO and -NH links from the 
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amidic group appear at 1662 cm—1 and 1530 cm-1 
[12]. The FESEM images of Zr-Pc-cl-CA-poly 
(AAm) supported the synthesis of sample of 
particle size below 200 nm lying in the range 1-100 
nm (Figure 3). The FESEM images indicated that 
the synthesized Zr-Pc-cl-CA-poly (AAm) were 
spherical shape in shape and uniformly formed. 
The particle size analysis data also supported the 
FESEM results with average particle size being 
below 100nm for the Zr-Pc-cl-CA-poly (AAm) 


Nanoparticle (Figure 4). 


Figure 1 Zirconium Incorporated-Pc-Cl-CA 
Poly (Aam) Nanoparticle 
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Figure 2 Ftir of Zr-Pc-Cl-Ca-Poly (Aam) 
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Figure 3 FESEM of Zr-Pc-Cl-CA-Poly 
(Aam)Nanoparticle 
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Figure 4 Particle Size of Zr-Pc-Cl-CA-Poly 


(Aam) Nanoparticle 
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Conclusion 

The novel Zircontum Incorporated-Pectin-cl-CA- 
poly (AAm) nanoparticle [(Zr-Pc-cl-CA-poly 
(AAm)]) were successfully synthesized under 
ultrasonication using sol-gel method. The 
synthesized nanoparticles were pale yellow in 
colour and exhibited a uniform particle size lying 
below 100 nm having spherical morphology. These 
nanoparticles are biopolymer based with zirconium 
incorporation and can be used for antimicrobial and 
site-specific drug delivery applications owing to 
the large surface area and uniform constitution. 
These nanoparticles are also excellent potential 
candidates or heavy metal sorption studies due to 
innate ion exchange properties. 
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